Malaria remains the leading public health problem in Ethiopia. 1, 5, 6 The problem covers 75% of the landmass of the country, and 68% of the population are living in malaria-risk areas. 3, [6] [7] [8] In spite of this, the Ministry of Health in Ethiopia designed a 5-year (2011-2015) malaria-prevention and -control strategic plan to fight the vector by using indoor residual spray (IRS) and long-lasting (LL) insecticide-treated nets (ITNs) as a main tool for program implementation, in line with early case detection and treatment with a strong surveillance system by using the existing health system of the country. The country planned to cover 90% of malarial areas with IRS in 2013-2015, to cover 100% of households (HHs) of malaria-endemic areas with one LL ITN (LLIN) per sleeping space, and to reach at least 80% consistent LLIN utilization status. Overall, with an aim of attaining the Roll Back Malaria (RBM) target in Ethiopia, 20 million ITNs were distributed between 2005 and 2007. In addition to this, the country distributed more than 15 million LLINs in 2010 and 2011 to replace previously distributed nets. 8 Unlike other regions of Ethiopia, the Itang District study area is known to be in a stable form of malaria transmission in most parts of the region and flooded throughout rain seasons. 9 Intensive research and development on impregnated mosquito nets that would remain effective over a longer period without need of reimpregnation 5 has been going on. LLINs were adopted as the safest and most successful, effective, and preventive measures against malaria through their barrier and knockdown effect. 10, 11 Nonetheless, their intended impact cannot be realized without consistent use by the majority (80%) of the population. 12 Different studies conducted in the country and parts of the world have shown that there were improvements on ITN ownership, whereas regarding utilization at HH level, there are a lot of ups and downs. 3, 4, [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] Evidence extracted from different studies showed the utilization status of ITNs was affected by different factors -geographical, individual, HH, and environmental -among ITN owners: the HH residence, 16 literacy level of the HH, 3, 17 awareness of ITNs, 17 geographical settlement of the HH, 3, 10 number of sleeping rooms in the HH, individual ITN-color preference, presence of children aged under 5 years in the HH, IRS status of the HH, awareness of malaria prevention, 10 HH-head sex, HHhead income, availability of radio, 3 duration of ITNs received by the HH, family size of the HH, and occupational status of the HH head. 15 Small-and large-scale community trials conducted in different parts of the world have shown proper utilization of ITNs is the most cost-effective method for reducing malaria morbidity and mortality in malaria-endemic areas of the world, Ethiopia included. 1, 5, 11, 16 Different research metaanalysis showed that the introduction of ITNs plays a huge role in malaria and some vector-borne disease reduction in the country, as well as in the world at large, resulting in malaria losing its leading position in the top ten morbidities to other infectious diseases in malaria-endemic areas of the country. 5, 16, 27 Ironically, malaria remains the leading morbidity in the Itang district of the Gambella region, despite the 2011 nationwide Malaria Indicator Survey showing ITN utilization in children and pregnant women being the highest, with lower malaria prevalence compared to other regions. This study questioned why the Malaria Indicator Survey report was against the District Health Office unpublished 2014/15 fiscal year report that shows malaria is the leading cause of morbidity.
In fact, many studies have been conducted in the country on ITN use and its associated factors. 3, 6, 10, 11, 14, 17, 18, 20 According to these study findings, barriers to use ITNs were different from place to place, with very few similarities. Also, no one had tested whether these factors really affect ITN use in this study area, with its unique paradox of stable form of malaria transmission.
Therefore, this study aimed to assess ownership and utilization of ITNs in 2015 with factors that influenced their use in Itang, Gambella, Ethiopia. It is intended to provide appropriate evidence linked to ITN use, in order to design appropriate prevention and control strategies for the district, as well as contribute to national malaria-prevention andcontrol policy development.
Materials and methods

Study area
Gambella is one of nine regional states of Ethiopia, located approximately 720 km southwest of Addis Ababa. Most of the region is flat, hot, and humid, with an altitude range of 300-2,000 m above sea level and sloping westward. The annual average temperature of the region is 21.1°C-35.9°C, with an average annual rainfall of 600 mm. Itang is one of among 15 districts of Gambella, and is situated 42 km to the west of the regional capital of Gambella. The district has 23 precinct organizations (kebele), with a current total population of 45,772 and 9,154 HHs. The district's average annual temperature and rainfall are 29°C and 1,000 mm, respectively. District climatic conditions are favorable for the existence of a stable form of malaria throughout the year. 9 According to a 2006 (Ethiopian calendar) fiscal year district health office report, the district has three health centers and six health 
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Study design and population
A cross-sectional quantitative study was conducted at HH level in Itang, Gambella, Ethiopia from March 25 to April 12, 2015. All HHs in Itang were the source population of this study, and randomly selected HHs after multistage sampling were study participants.
Sample-size determination and sampling
For sample-size determination, a single-population proportion formula with a 95% level of confidence (n=Z 2 p×q/w 2 ), design effect of 2 for multistage sampling, and 10% nonresponse rate were used. Study findings considered for samplesize determination were ITN ownership of 69.3%, utilization of 64.9%, and consistent use of 51% in Gida Ayana, East Welega, Ethiopia, 16 2011 Malaria Indicator Survey Gambella ITN utilization of 83.6% and 53% among children aged under 5 years and pregnant women, respectively, 7 and the 60.4% of HHs that lack access to the nearest health facility in the southwest of Ethiopia. 18 Finally, the highest sample size was taken as the minimum sample size adequate for generalizing findings for the source population. As shown in Table 1 , the sample with 845 participants was selected as the minimum sample size for this study. All 23 kebele (the smallest administrative unit in Ethiopia) of the district were listed, and 20% of the kebele (five kebele with a total of 4,160 HHs) were selected by a lottery method. Through this process, Achewa, Baziel, Itang Kir, Pukumu, and Pulkode kebele were selected for this study. Then, in order to get a sampling frame, all of the selected kebele villages were listed, and 30% (35 villages with a total of 1,248 HHs) were selected by a lottery method. At this stage, a sampling frame existed with family folders at the kebele level. HHs in these villages were selected with a simple random-sampling technique for this study. According to this, 175, 152, 169, 171, and 178 HHs were selected from Achewa, Baziel, Itang Kir, Pukumu, and Pulkode kebele, respectively.
Randomly selected HH heads or any member of the HH over 18 years who could provide credible information were included in this study. At the planning phase of this study, HH heads and persons severely sick, unable to respond, or not available in their homes for three consecutive visits plus one more final visit at the end of the data-collection period were excluded from this study. • utilization -refers to HHs that owned an ITN in which one or more members of the HH slept under a net, reportedly or confirmed through observation by enumerators during the early morning preceding this study.
Variables and operational definitions
3,10
Data-collection procedure A standardized structured questionnaire was used to collect the data, with a few adjustments that would fit with the scope of this study. The questionnaire was prepared originally in English and translated to Amharic. Data were collected by a combination of face-to-face interviews and observation. The data were collected by five trained nurses during an early morning session. ITN utilization was cross-checked with the interview response of HHs, through direct observation of the enumerators. They checked to confirm that HH ITNs were really utilized/hung up just above sleeping beds/areas or not. Two supervisors who were skilled in the malaria-prevention and -control program of the district health office were assigned to supervise the data-collection process and quality assurance. The data collectors and supervisors were trained for 2 days by the principal investigator. The data collectors practiced for a day at the field level to familiarize themselves with the data tools. To ensure the quality of the questionnaire, the questioner was pretested on 20 HHs of neighboring villages. After this pretest, some adjustments to some variables were made to make it more 
Data processing and analysis
Data were entered into the EPI Info computer program to minimize data-entry error. Entered data were then exported to SPSS version 20 (IBM Corporation, Armonk, NY, USA) for analysis, which had to be recoded, categorized, and sorted to facilitate the analysis. The data were described using percentages and distributions of the respondents by sociodemographic characteristics and other relevant variables in the study. Logistic regression was employed to identify factors associated with ITN use among the study participants. All explanatory variables associated with the outcome variable in bivariate analysis with P-values of ≤0.15 for ITN use were included in multivariable analysis. Backward-stepwise binary logistic regression models of multivariable analysis were employed in order to control confounders and the problem of multicollinearity. Hosmer-Lemeshow goodness-of-fit statistics were checked to assess whether the necessary assumptions for the application of multiple logistic regressions were fulfilled, with a P>0.05. Variables that showed significant association with the outcome variable in backward-stepwise regression were selected as a full model of outcome-variable predictors if all of the assumptions were fulfilled. Finally, the crude odds ratio (COR) and adjusted OR (AOR), together with their corresponding 95% confidence intervals (CIs), were computed. P<0.05 was considered statistically significant in this study.
Ethical considerations
Ethical clearance was obtained from Debre Markos University and Gamby College of Medical Science, following an official letter from the regional health bureau to the district through hierarchical levels of communication in the Itang District Health Office. The district health office then wrote a letter permitting each of the kebele in the studied area to be included in this study. Additionally, data collectors explained the purpose of the study to participants of this study, who in turn gave verbal consent for their participation. Reliability and confidentiality of responses were ensured throughout the research process. Finally, data collectors demonstrated the appropriate use of ITNs for HHs that had no knowledge of how to use them.
Results
Sociodemographic and subject characteristics
In this study, 845 HHs were included, with a 100% (845) response rate. Table 2 shows the proportion of HHs with pregnant women and children under 5 years, with 227 (26.9%) and 298 (35.3%), respectively. The average family size of the studied area was 5.5, while nearly half of the HHs had a family size of six and above -49.5% (418). Among the studied participants, 79.6% (673) were rural residents and 20.4% (172) urban. A high proportion of 82.8% (700) of HHs were maleheaded, and 37% (313) of HH heads were in the age-group 30-39 years. Among the studied HHs, 26.6% (225) of the HH heads were unable to read or write, while 28% (237) of HH Table 4 , 65.8% (556) of respondents had awareness of malaria prevention, while 77.8% (657) knew malaria could be transmitted from person to person through mosquito bites. Among HHs with awareness of malaria prevention, the highest proportion -78.1% (434) -got information from either health professionals or health extension workers, whereas 21.9% (122) got it from community health workers. Of the total studied population, 77.4% (654) of the HHs were found nearer to the health facility and 65.3% (552) had access to a health facility.
ITN ownership
As per 
Utilization of ITNs
As shown in Table 6 , among 690 HHs with one or more ITNs, 52.3% (361) slept under ITNs the night prior to data collection, while ITN use was only 42.7% among the overall HHs of the study area, including 51.4% (94) and 56.0% (135) use (Tables 7 and 8) , some showed significant difference with P-values of <0.05, while in order to avoid missing variables that were significant in other similar studies of the country, a P-value ≤0.15 was used as a cutoff point for multivariable analysis. Sixteen variables that were significant at P≤0.15 were entered for backward-stepwise binary logistic regression, which controlled undesirable effects of confounders between variables and the problem of multicollinearity, and declared true association. Hosmer-Lemeshow goodness-of-fit statistics were checked for fullness of the model. The final model showed 0.886 goodness, very far from 0.05 and clearly indicating the outcome variable was 
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ITN ownership and use in Ethiopia fully explained by the independent variables entered in the full model. The same findings were also obtained with forward-stepwise regression. Table 9 shows only seven variables remained significant predictors of the outcome variable. HHs without awareness of malaria prevention were 72% less likely to use ITNs than those with awareness, with AOR (95% CI) of 0.28 (0.15-0.53). Bed/sleeping areas shared by three to five and six to seven HH members were 81% and 86% less likely to use ITNs, respectively, than bed/sleeping areas shared by one to two HH members, with AOR (95% CI) of 0.19 (0.1-0.38) and 0.14 (0.06-0.3). HHs with adolescents that had a sleeping pattern of males or females together were 84% and 92% less likely to use ITNs than those with adolescents sleeping alone, with AOR (95% CI) of 0. 
Discussion
In this study, a 100% respondent rate was achieved. The reason for this might have been the wide range of inclusion criteria of this study, favored by data-collection period when most adult family members were free from agricultural activities. As a result of ensuring the reliability of data, the collection period for data was scheduled in the early morning.
This provided a double benefit for this study, as the timing allowed a high response rate. This study showed more than three-quarters of the studied HHs had at least one ITN, while nearly half the HHs used at least one of their ITNs by the night prior to the survey. Less than a quarter used the ITNs regularly without any interruption. ITN ownership seemed higher than that of most study results of the country, but the 95% CI was 78.6%-84.1%, which was not so different from other study findings for the country, such as those conducted in Kersa and Gursum districts and East Welega, which revealed 65.5%, 62.4%, and 69.3%, respectively. 10, 15, 16 The study conducted in the Kersa district of Eastern Ethiopia came up without much difference between urban (72%) and Abbreviations: HH, household; ITN, insecticide-treated net; COR, crude odds ratio; CI, confidence interval; IRS, indoor residual spray; CHWs, community health workers; LLINs, long-lasting insecticide-treated nets.
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ITN ownership and use in Ethiopia rural (64.65%), where 33.5% used at least one ITN per HH. 10 Another study conducted in the Arbaminch Zuria district came up with 58.8% where at least one ITN, with a higher proportion in rural (73.7%) than urban (43.3%) and 82.7% using at least one ITN. 4 Another comparative study conducted in Southwest Ethiopia reported 66.3% with ownership of at least one ITN. 18 A study conducted in Southeastern Benin reported 88.96% owned at least one ITN and 84% used at least one ITN. 13 However, in the study area, ITN ownership was far from the 2015 universal-coverage target of the country of the RBM, which was declared by African leaders in 2000 at Abuja. 8 From total studied HHs, less than a quarter of HHs were fully covered by ITNs. According to the RBM target, HHs with six or seven family members required three ITNs. Therefore, in this study area, nearly half of the HHs required three or more ITNs. In spite of this, there is no significant difference in the utilization proportion of ITNs among universally covered and uncovered HHs, which amounted to 51.2%. The reason for this may be that most of the HHs of the studied area had single sleeping houses/rooms that were not spacious enough to hang up all the ITNs available in the HH. There is also the habit of most HH members sharing one bed or sleeping area, while the ITNs delivered to the population were not plentiful enough to accommodate all family members' sleeping habits. In addition to this, the design of their huts (conical with high ceiling) renders them impractical to hang up nets of any shape currently distributed through the distribution schemes of the country.
The observation of a hanging ITN above a bed or sleeping place by the enumerators and the HH response of any of their family members who slept under any ITN was considered utilization. The use of any ITN of the surveyed HH was lower compared to other study findings conducted in the country. This may have been due to this cross-sectional study being conducted during the dry season of the area, with no other mosquito nuisance, even though malaria transmission is stable throughout the year. In this study, there was a higher proportion of HH ITNs owned by rural than urban residents, which is similar to a study conducted in Arbaminch Zuria district, which was contrary to a study conducted in Eastern Ethiopia. 3, 10 The reason for this may be attributed to distribution of all ITNs through the district health office distribution scheme, which gave more emphasis to rural residents than urban. Related to this, ITNs are not easily accessible in the local market of the area. Predictive factors for ITN use in this study were respondent awareness of malaria prevention, number of family members sharing a bed/sleeping area, adolescent family members' sleeping patterns, number of ITNs in the HH, HH family size, ITN incompatibility with family sleeping habits, and HH-head age. Similarly, in research conducted in Kersa in Eastern Ethiopia, the number of ITNs owned per HH was the predictor of ITN use. HHs with one or two ITNs were 75% and 67% less likely to use ITNs than those with three or more ITNs, with AOR (95% CI) of 0.25 (0.17-0.39) and 0.36 (0.25-0.54), and also awareness of respondents about malaria prevention was a significant predictor of ITN use. Whereas, this significant association shown among not having any awareness and not knowing whether it can prevent or not, with AOR (95% CI) of 0.43 (0.27-0.68), while unlike the East Ethiopia study finding, ITN-color preference and HH residing in rural and urban areas were significant in the initial phase of bivariate analysis, but not significant when confounders were controlled. 10 Contrary to a study conducted in Southwest Ethiopia in 2013, this study revealed that when the age of the HH head increases, the use of ITNs most likely also increased, while the Southwest Ethiopia study showed when HH-head age increases the use of ITNs most likely declined. 18 In Southwest Ethiopia, HH heads aged between <30 years and 30-49 years were three times and twice as likely to use ITNs than those aged 60 years, respectively. In this study, ITN utilization increased as HH-head age increased ( Table 8 ). The reason for this could be that advanced age makes people much more exposed and prone to malaria than younger people. Often, those aged <40 years are risk takers and might not take care of their own and their families' health, as their concentration is more on business and creative activities. On the other hand, similar to this study, family size was also an important predictor for ITN use in Southwest Ethiopia: HHs with a family size one to three were 1.7 times more likely to use ITNs than those with seven or more. 18 The reason for this could be increased space and sleeping rooms, even though they have an adequate number of ITNs for the size of the family.
In most of the literature, wealth was revealed as a decisive factor of ITN use, but in this study there was no significant association. This could be due to the fact that in this study, only HH-head income was assessed, not incomes of other family members, and thus most of the HHs had more or less similar livelihood and lifestyle. However, unlike other study findings, sleeping patterns of adolescents and number of family members sharing one bed/sleeping area were significant predictive factors for ITN use in this study area. The Kersa study showed that HHs that shared one bed provided a good opportunity for young children to sleep under ITNs available in the HH. 10 The reason for this may be that in this study area, more than half of the HHs had a single living room and the design of their houses, which was not spacious enough to allow for separate beds/ sleeping areas for the family. Even the observation report of this study showed that most ITNs were hung outside the living room on the fence and exposed to direct sunlight during the day, because of a lack of storage space. In this case the problem of insecticide integrities and life span of ITN could ultimately be questionable. Apart from this, other reasons for adolescent sleeping habits, which appeared to be a significant factor in this study, might have been some ethnic groups of the study-area population, for whom adolescents sharing a bed with their parents is forbidden, which might persuade the HH to have more than one sleeping area in the room and thereby not have ITNs covering all family members.
Slightly more than half of the respondents were willing to buy ITNs if they were available at an affordable price. The mean affordable price revealed by study participants was 34.6 ETB. Affordability varies from HH to HH, depending on income and awareness of ITNs as a preventive measure against malaria and other insect bites. The intention of the respondents toward buying ITNs will be an alarming situation for those stakeholders who are working in this study area to think about social marketing principles of ITN distribution. Social marketing as one option for ITN distribution may play a great role in increasing HH ownership, and it might be promoted more as long as the scheme creates reasonable business for distributors and promoters.
With regard to consistent utilization of ITNs, this study found very low use. Below one quarter of HH use ITN consistently among HHs that had one or more ITNs and at least one HH member had slept under a net the night prior to the survey. This finding was much lower than that of Gida Ayana, where 51% consistently used ITNs, and was much lower than the Arbaminch Zuria study, at 71%. 3, 15 It seems that consistent use of ITNs in this study area is extremely low in comparison to the RBM target of 80% consistent use by the year 2015. 6, 8 This shows most of the HH members of the study area had a high risk of person-to-mosquito contact, due to lack of barriers and knockdown effect of ITNs. This situation clearly shows that the populations under study had higher exposure to mosquito bites. Consequently, inconsistent utilization of ITNs may be the main reason for a higher risk 
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ITN ownership and use in Ethiopia of malaria. The reason for not using ITNs in a consistent manner could be a lack of compatibility of HHs that owned ITNs in relation to family sleeping habits, as well as other socioeconomic factors of the study area. This study was limited to in-depth interviews and focus-group discussions to explore and focus on what motivates people and factors that hinder consistent use of ITNs.
Conclusion
ITN ownership in this study area was low and is not in line with family size or the RBM target of ownership. The proportion of HHs reporting at least one family member sleeping under an ITN the night prior to the survey was below average and below half the RBM or country target of 2015. The consistent-utilization report of this study was poorest when compared to RBM and country targets of consistent ITN use. The RBM target was seated to have ITN herd effect on mosquito population reduction and on the reduction of risk of malaria through its barrier and knockdown effect. Therefore, study-area populations were at higher risk of mosquito bites and acquiring malaria and other vector-borne diseases that can be prevented by higher utilization of ITNs. This study also showed barriers to ITN use among the study population. According to this research, the use of ITNs is affected by sociodemographic, individual, and ITN-related factors.
Therefore, these situations clearly indicate that Federal Ministry of Health and other partners involved on ITN promotion and distribution should work on finding innovative solutions that consider the best way to fit ITNs in small houses. Federal Ministry of Health should specifically target those HHs with a bigger family size and those sharing one bed, in order to provide bigger ITNs that could accommodate HH members. District health offices should work intensively on promoting ITNs and increasing HH ownership, in order to maximize their use, and regional health bureaus and district health offices should consider social marketing principles of ITN distribution to increase ownership, as well as sustainability.
